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Abstract2QHRIWKHPDQ\FKDOOHQJHVRIELRWHFKQRORJ\LVUHODWHGWRGHYHORSVHQVRUVDQGRUELRVHQVRUVHQVLWLYH
UHSURGXFLEOH UHSHDWDEOH RQ VRPH DSSOLFDWLRQV FKHDS DQG GLVSRVDEOH WR PRQLWRULQJ IUXLW ULSHQHVV %LRVHQVRU
SURSRVHG LV D VSHFLDO GHYLFH IRU GHWHFWLQJ DQGPHDVXULQJYHU\ VPDOO TXDQWLWLHV RI RGRU7KH FXUUHQWPRGHO WR
SURGXFHELRVHQVRU LVPDGHRISRO\HWK\OHQH WHUHSKWKDODWH 3(7¿OPRUYHJHWDOSDSHUVXEVWUDWHZLWKDJUDSKLWH
HOHFWURGHSULQWHGLQDVSHFLDOWHPSODWHOLQHSDWWHUQLQJDQGFRDWHGZLWKFRQGXFWLQJSRO\DQLOLQH3$1,¿OPZLWK
R[LGDWLRQVWDWHRIHPHUDOGLQHGRSHGZLWKFORULGULFDFLG+&O7KLVSDSHUSUHVHQWVDQHZWHFKQLTXHWRPDQXIDFWXUH
DFKHDSDQGGLVSRVDEOHELRVHQVRU7KHSODVPDWHFKQLTXHZDVDGRSWHGIRUWKLVGHYHORSPHQWEHFDXVHWKHSODVPD
WHFKQLTXH LV D QRYHO WHFKQRORJ\ WR FKDQJH VXUIDFH SURSHUWLHV 3ODVPD WHFKQRORJ\ RIIHUV VHYHUDO VROXWLRQV DV
FOHDQLQJDFWLYDWLRQHWFKLQJDQGFRDWLQJWKDWFRXOGEHDSSOLHGIRUWKHGHYHORSPHQWRIQHZHQRVHELRVHQVRUV
KeywordsELRVHQVRUGLVSRVDEOHELRVHQVRUFKHDSELRVHQVRUOLQHSDWWHUQLQJHOHFWURGHSODVPDWHFKQLTXHHQRVH
1. Introdução
2QDUL]HOHWU{QLFRpXWLOL]DGRSDUDPHGLUFRPSRVWRVYROiWHLVTXHLQWHUIHUHPQRDURPDRGRU2DURPDp
GHYLGRDGH]HQDVRXFHQWHQDVGHVXEVWkQFLDVYROiWHLVUHSUHVHQWDQWHVGHYiULDVFODVVHVTXtPLFDVFRPGLIHUHQWHV
SURSULHGDGHV ItVLFRTXtPLFDV2SULPHLUR VLVWHPDGHPXOWLVHQVRUHVGHVLJQDGRSDUDDQiOLVHGHDURPDVRQDUL]
HOHWU{QLFRIRLLQWURGX]LGRQRFRPHoRGDGpFDGDGHHGHVHQYROYLGRKiGXDVGpFDGDV2e-noseIRLLQVSLUDGR
SHOR VLVWHPDELROyJLFRROIDWyULRFRPSUHHQGHQGR UHFHSWRUHVQmRHVSHFt¿FRV VHQVRUHVHXPD UHGHQHXUDOSDUD
SURFHVVDPHQWRGRVGDGRV2REMHWRGDSHVTXLVDpRGHVHQYROYLPHQWRGHVWHVUHFHSWRUHVVHQVtYHLVDYROiWHLVWDPEpP
FRQKHFLGRVFRPRELRVVHQVRUHVTXHQDGDPDLVVmRGLVSRVLWLYRVSDUDGHWHFWDUHPHGLUTXDQWLGDGHVPXLWRSHTXHQDV
RXDOWHUDo}HVHPXPDVXEVWkQFLDTXtPLFD+(550$11-UHWDO3$//¬6$5(1<HWDO)5$-
'(1&223(5HWDO8PDGDVRSRUWXQLGDGHVGHDSOLFDomRGRQDUL]HOHWU{QLFRpRPRQLWRUDPHQWR
GRDPDGXUHFLPHQWRGDVIUXWDVWDQWRQRSURFHVVRGHSURGXomRFRPRGXUDQWHRVHXDUPD]HQDPHQWRSDUDDXPHQWDU
HJDUDQWLUDTXDOLGDGHGRSURGXWR*Ï0(6HWDO3$7+$1*(HWDO
8PGHVD¿RGDELRWHFQRORJLDpGHVHQYROYHUXPELRVVHQVRUEDUDWRHGHVFDUWiYHODVHUXWLOL]DGRQRUHFRQKH-
FLPHQWRGRHVWDGRGHPDWXUDomRGDVIUXWDV$VSULQFLSDLVWHFQRORJLDVXWLOL]DGDVSDUDRUHFRQKHFLPHQWRGHRGRUHV
VmRHVSHFWURPHWULDQRLQIUDYHUPHOKRFURPDWRJUD¿DJDVRVDHHVSHFWURPHWULDGHPDVVDTXHDSHVDUGHH¿FD]HVVmR
GHDOWRFXVWR2VELRVVHQVRUHVGLVFUHWRVGHHVWDGRVyOLGRVmRRVPDLVEDUDWRV8PH[HPSORpXPDSDUDWRVLPSOHV
GHJUDGHFRQGXWLYDGRSDGDFRPXP¿OPHVHQVtYHOELRTXLPLFDPHQWHFRPRSRUH[HPSORXPSROtPHURFRQGXWRU
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FRQVWUXtGRVREUHXPVXEVWUDWRFRPXPQRPHUFDGRHGHEDL[RFXVWRFRPRRSDSHOYHJHWDORX¿OPHGHWUDQVSDUHQ-
FLD+(550$11-UHWDO67())(16HWDO
3DUD R GHVHQYROYLPHQWR GH XPELRVVHQVRU p LPSRUWDQWH HQWHQGHU R SULQFtSLR GH DPDGXUHFLPHQWR GDV
IUXWDVUHFHSWRUHVHVSHFLDLVQDVFpOXODVYHJHWDLVVHSUHQGHPDRHWLOHQR2VSULPHLURVJHQHVYHJHWDLVFRQKHFLGRVH
HQYROYLGRVQHVVHSURFHVVR(75H&75IRUDPLGHQWL¿FDGRVHP(OHVLPSHGHPDDWLYDomRGRVJHQHVGD
PDWXUDomRDWpTXHRHWLOHQRVHMDSURGX]LGRYLDR[LGDomRGRVOLStGHRVHTXDQGRLVVRDFRQWHFHR(75HR&75VH
LQDWLYDPRTXHSURYRFDXPDUHDomRHPFDVFDWDTXH¿QDOPHQWHSUHQGHRXWURVJHQHVTXHSURGX]HPYiULDVHQ]LPDV
SHFWLQDVHSDUDTXHEUDUDVSDUHGHVFHOXODUHVHWRUQDUDIUXWDPDLVPDFLDDPLODVHSDUDFRQYHUWHUFDUERLGUDWRVHP
Do~FDUHVVLPSOHVWRUQDQGRDIUXWDPDLVGRFHHKLGURODVHSDUDUHGX]LUDTXDQWLGDGHGHFORUR¿ODGDIUXWDPXGDQGR
VXDFRU.(1'5,&.
2SUHVHQWHWUDEDOKRSURS}HXPPpWRGRDOWHUQDWLYRSDUDSURGXomRGHELRVVHQVRUHVEDUDWRVHGHVFDUWiYHLV3DUD
FRPS{ORIRLHVFROKLGDDWpFQLFDGHSODVPDTXHSRGHVHUXVDGDHPGLIHUHQWHVDSOLFDo}HVRQGHDVPXGDQoDVVXSHU¿FLDLV
VmRFDUDFWHUtVWLFDVIXQGDPHQWDLVSDUDREWHUVHDUHVSRVWDGHVHMDGD$WHFQRORJLDGHSODVPDSHUPLWHGLYHUVDVPRGL¿FD-
o}HVVXSHU¿FLDLVFRPROLPSH]DIXQFLRQDOL]DomRGHFDSDJHPHUHYHVWLPHQWRVXSHU¿FLDO'$*267,12
$ItVLFDGHVXSHUItFLHSRULQWHUPpGLRGDXWLOL]DomRGDVWpFQLFDVGHSODVPDYHPVHPRVWUDQGRSURPLVVRUD
HPIXQomRGDVQRYDVSURSULHGDGHVREWLGDVGDVXSHUItFLHGRPDWHULDO+$68'$eVDELGRTXHTXDOTXHU
VXEVWkQFLDSRGHH[LVWLUHPWUrVHVWDGRVVyOLGROtTXLGRHJDVRVRFXMRH[HPSORFOiVVLFRpDiJXDTXHSRGHVHUJHOR
OtTXLGRHYDSRU3ODVPDpXPHVWDGRItVLFRFRPSOHWDPHQWHGLVWLQWRTXHPDQLIHVWDWRGRXPFRQMXQWRGHSURSULHGD-
GHVLPSRUWDQWHVHPHVPRH[WUDRUGLQiULDV'LIHUHQWHPHQWHGRVGHPDLVHVWDGRVGDPDWpULDVyOLGROtTXLGRHJDVRVR
DPDWpULDQRHVWDGRGHSODVPDQDGDPDLVpTXHXPJiV LRQL]DGRFRQVWLWXtGRGHHOpWURQV OLYUHV tRQVHiWRPRV
QHXWURVHPSURSRUo}HVYDULDGDVHTXHDSUHVHQWDXPFRPSRUWDPHQWRFROHWLYR'HQWUHDVYiULDVWpFQLFDVGHPRGL-
¿FDomRVXSHU¿FLDOYLDSODVPDYDPRVSHVTXLVDURUHYHVWLPHQWRVputtering para o desenvolvimento do eletrodo e a 
IXQFLRQDOL]DomRetchingSDUDDGRSDJHPGRELRVVHQVRU
 3ODVPDsputtering0pWRGRGHGHSRVLomRGH¿OPHVEDVHDGRQDHURVmRGHXPPDWHULDOSHORDWDTXHGH
HVSpFLHVGRSODVPD
 3ODVPDetchingRU3(&9'³3ODVPD(QKDQFHG&KHPLFDO9DSRU'HSRVLWLRQ´([LJHRHVWDEHOHFLPHQWR
GHSODVPDVDSDUWLUGHFRPSRVWRVRUJkQLFRVLQRUJkQLFRVRXPHWiOLFRV$PRVWUDpHPEHELGDQRSODVPD
WRGDVDVVXSHUItFLHVVmRWUDWDGDVVLPXOWDQHDPHQWH
2. Materiais e Métodos
2PpWRGRDGRWDGRIRLRKLSRWpWLFRGHGXWLYR2VVHJXLQWHVPDWHULDLVHSURFHGLPHQWRVIRUDPXWLOL]DGRV
para esse experimento:
2.1. Delineamento experimental
7DEHOD&RPSDUDWLYRGDVFRQGLo}HVGHUHJXODJHPHTXLSDPHQWRGHSODVPDsputtering x etching
9DULiYHLV &RQGLo}HV
3ODVPDSputtering Edward 3ODVPDEtching Diener
3RWrQFLD ::HOHWURGRVXSHULRU :HOHWURGRLQIHULRU
7HQVmR)UHTXrQFLD 9+] 90+]
7HPSR PLQXWRV PLQXWRV
3UHVVmRIXQGR [%DU [7RUU
3UHVVmRGLIHUHQFLDO 1$ [7RUU
Alvo OkPLQDGHRXURPP SDVWLOKDGH3$1,
*iVSUHFXUVRU DWPRVIpULFR QLWURJrQLR
'LVWkQFLDHOHWURGRV PP PP
3DUDRGHVHQYROYLPHQWRGDVWULOKDVGRELRVVHQVRUIRLXWLOL]DGRRHTXLSDPHQWRGHSODVPDsputtering da 
HPSUHVD(GZDUGVFRP&kPDUDGHOLWURV)LJXUDDHRHTXLSDPHQWRGHSODVPDetching'LHQHUFRPFkPDUDGH
OLWURV)LJXUDESDUDRGHVHQYROYLPHQWRGR¿OPH¿QRGH3$1,
!
!)LJXUD(VTXHPDGDFkPDUDGHSODVPDsputteringHVTXHUGDHetching3(&9'GLUHLWD
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3. Resultados e Discussão
3RGHPRVGLYLGLUDSDUWHH[SHULPHQWDOGDSHVTXLVDGRELRVVHQVRUHPGRLVEORFRV
 'HVHQYROYLPHQWRGRHOHWURGRYLDSODVPDsputtering
 'HVHQYROYLPHQWR¿OPH¿QRGH3$1,YLDSODVPDetching.
3.1. Desenvolvimento do eletrodo via plasma sputtering
$WpFQLFDGHsputteringDSUHVHQWRXXPUHVXOWDGRFRPRVROXomRDOWHUQDWLYDGHIDEULFDomRGRVHOHWURGRV
interdigitated:
$SULPHLUDHWDSDGRGHVHQYROYLPHQWRFRQVWLWXLXQDGHSRVLomRGHXP¿OPH¿QRGHRXURVREUHRVXEVWUD-
WRGH3(7OLVR)RLGHSRVLWDGDXPDFDPDGDXQLIRUPHGH¿OPHHFRPHVWHUHVXOWDGRSUHOLPLQDUSRVLWLYRIRLGDGR
SURVVHJXLPHQWRDRHVWXGR
$VHJXQGDHWDSDGRGHVHQYROYLPHQWRIRLFRQVWUXLUXPDPiVFDUDFRPDJUDYXUDGHXPHOHWURGRFRP
GHQWHV)LJXUDD)RLXWLOL]DGDXPDFKDSDGHDoRLQR[FRPPPGHHVSHVVXUDHRSURFHVVRGHXVLQDJHPDGR-
WDGRIRLHOHWURHURVmRD¿RHPIXQomRGDHVSHVVXUDPXLWR¿QDGDWULOKDGHPP
$WHUFHLUDHWDSDGRGHVHQYROYLPHQWRIRLDGH¿QLomRGRVSDUkPHWURVGR3ODVPDsputtering$PHOKRURS-
omRIRL:GHSRWrQFLDFRPGLVWkQFLDGHPPHQWUHRVHOHWURGRVGRSODVPD)RUDPWHVWDGRVGLIHUHQWHVWHPSRV
GHH[SRVLomRGHSODVPDXWLOL]DQGRVHTXDWURPiVFDUDVVLPXOWkQHDVHQWUHPLQXWRVHPLQXWRV)LJXUDE
&RPPLQXWRVLQtFLRXDIRUPDomRGDWULOKDHFRPPLQXWRVDSUHVHQWRXXPDWULOKDEHPHYLGHQFLDGD)RLDGR-
WDGRRWHPSRGHPLQXWRVFRPREDVHSDUDRVHVWXGRV'HPDLVSDUkPHWURVYLGHWDEHODDFLPD
$TXDUWDHWDSDGRGHVHQYROYLPHQWRIRLDYDOLGDomRGRHOHWURGR2SULPHLURFULWpULRGHIDOKDIRLDUHVLV-
WLYLGDGHPDLRUGH02KPVHQWUHRVWHUPLQDLVGDJUDGHHOHWURGRHPFLUFXLWRDEHUWRHXPDUHVLVWLYLGDGHPHQRU
GH02KPSDUDPPGRFRPSULPHQWRGDWULOKD4XDQWRjUHVLVWLYLGDGHHPFLUFXLWRDEHUWRWRGDVDVDPRVWUDV
WHVWDGDVIRUDPDSURYDGDV1RWRFDQWHjUHVLVWLYLGDGHGDWULOKDDJUDGHSURGX]LGDYLDSODVPDXWLOL]DQGRVHRDOYR
GHRXURIRLVXSHULRUjJUDGHSURGX]LGDHPJUD¿WHHPIXQomRGDVXDFRQGXWLYLGDGH
$TXLQWDHWDSDGRGHVHQYROYLPHQWRIRLDFDUDFWHUL]DomRGDWULOKD)RLXWLOL]DGRRHTXLSDPHQWRAtomic 
Force Microscopy$)0SDUDDYDOLDURDVSHFWRGDVXSHUItFLHHDHVSHVVXUDGDFDPDGD&RQIRUPH¿JXUDFSR-
GHPRVDYDOLDUTXHH[LVWHXPDGH¿QLomREHPHYLGHQWHHQWUHDIRUPDomRGDWULOKDHRVXEVWUDWRGH3(74XDQWRj
FDPDGDGHGHSRVLomRGDWULOKD¿FRXQDRUGHPGHQP(VWDFDPDGDHVWiGLUHWDPHQWHOLJDGDDRWHPSRGHH[SR-
VLomRGRSODVPDsputtering
$VH[WDHWDSDGRGHVHQYROYLPHQWRIRLDYDOLDURGHVHPSHQKRIXQFLRQDOGDWULOKDSURGX]LGDYLDSODVPD
VSXWHUULQJ3DUDWDOIRLXWLOL]DGRRPHVPRSURFHVVRGHGRSDJHPGRELRVVHQVRUGHVHQYROYLGRSDUDRQDUL]HOHWU{QL-
FRGD(PEUDSDDSROLPHUL]DomRin-situ pelo processo de self-assembly3$1,+&OPRODU2VWHVWHVFRPSDUDWL-
YRVHQWUHRVHOHWURGRVGHJUD¿WHSDGUmRHHOHWURGRGHRXURYLDSODVPDsputtering apresentaram resultados similares 
QRWRFDQWHjUHVSRVWDQRQDUL]HOHWU{QLFR
 
)LJXUDD0iVFDUDGHPPHVSHVVXUDHPDoRLQR[FRPJUDYXUDXVLQDGDE,PSUHVVmRGDJUDGHYLD
sputteringYHUVXVWHPSRFUHVXOWDGRGDPHGLomRGDHVSHVVXUDGR¿OPHGRHOHWURGRYLDWpFQLFD$)0
5HVXOWDGRV)RLREWLGRERQVUHVXOWDGRVSDUDDIRUPDomRGRVHOHWURGRVYLDWpFQLFDGHSODVPDsputtering 
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